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Abstract 
  Since humans first began clearing land for agriculture, rural landscapes have 
become a complex mosaic of forests and fields. During winter, the borders between these 
two land use types become especially interesting as winds moving across fields entrain 
fallen snow and may redistribute it to the forest edge. Since snow depth can have serious 
implications for soil conditions and biogeochemical processes, I proposed to evaluate 
snow distribution at field- forest boundaries in Tompkins County, NY through a 
combination of techniques that address the degree of snow redistribution at a variety of 
scales.  Continuous measures using time-lapse photographs taken along a field border 
from January to March 2007 were used to assess localized redistribution over a snow 
period. These observations revealed snow accumulation at the field-forest border 
particularly in areas where the grass in the field had been mowed. Manual measurements 
of snow depth across several field- forest borders throughout the county were used to 
estimate how much snow was redistributed to borders, on average, in the county. These 
data demonstrated that there are a number of factors affecting the extent of snow 
redistribution from fields to forest borders, but the phenomenon definitely exists. A rough 
extrapolation of our results suggests that 1.9% of Tompkins County’s snow accumulates 
at these boundaries (which comprise 1.3% of the county’s area).  With the increasing 
fragmentation of landscapes, it is integral to understand physical processes such as snow 
drifting at forest edges so that we can then better comprehend the ecological implications 
of such occurrences. 
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Introduction 
  In the mid-latitude and polar regions, the dynamics of the natural environment are 
largely dependent on the snow conditions that exist during portions of the year. Not only 
does snow sculpt a new physical landscape, but it is also a powerful influence on the 
ecological aspects of the landscape, both above and below ground (Groffman et al. 2001). 
In order to truly understand how snow interacts with the landscape, one must first gain a 
basic comprehension of the processes governing snow deposition and redistribution. 
  Snow drifting can have significant impacts on the human world; therefore 
extensive research has gone into understanding the physics of the redistribution processes 
in order to be able to construct fences that induce drifts before they reach buildings and 
roads. After snow falls the main mechanism by which snow is redistributed is known as 
saltation (Kind 1981). This particular mechanism involves the horizontal transport of 
snow particles at a height of generally less than 10 cm above the ground and occurs at 
wind velocities as low as 3.5- 4.5 m s
-1 (Verge and Williams 1981). Turbulent diffusion is 
a second transport process that involves movement of snow in large eddies several meters 
above the surface, and often occurs at higher wind speeds (McKay and Gray 1981).  
Transport of snow is induced when the shear stress due to wind velocity reaches a 
threshold level that allows the snow particles to break away from the snow surface (Kind 
1981; Pomeroy and Gray 1990). Once the kinetic energy of the snow particles decreases 
enough, the particles follow a trajectory back to the ground. Energy dissipation 
commonly occurs when the airstream encounters a vegetation barrier or reaches the 
leeward side of a hill (Walter et al. 2004). Although large, abrupt barriers such as a forest 
at the end of a field may induce a significant amount of snow deposition in a small area,   McPhillips 3
something such as irregular vegetation height in open grassland or an abandoned field 
also induces snow deposition on a smaller scale (McKay and Gray 1981). 
 Armed with these basic concepts, various researchers have attempted to better 
understand snow redistribution at a landscape level, through a combination of 
observations and applied models. Several studies in the western United States and 
Canada have used point measurements of snow depths combined with Digital Elevation 
Models (DEMs) and physical landscape characteristics to predict the heterogeneity of 
snow distribution. The models have been relatively successful in that they were able to 
reproduce general spatial patterns of distribution (Lapen and Martz 1996; Hiemstra et al. 
2006). Using wind velocities and wind directions in conjunction with topographical 
information, the amount of redistributed snow can be projected, and thus contribute to a 
more accurate hydrological model when factored in to landscape water fluxes (Walter et 
al. 2004). A recent pilot study in central New York State looked at snow redistribution on 
a smaller scale, by using time-lapse photography at a field- forest boundary to directly 
observe accumulation and distribution patterns at the boundary (Schwarz 2006). To date, 
few, if any, landscape-scale hydrological or ecological models account for snow drifting 
and snow accumulation at the boundaries between forests and open areas. 
  Although the snow drift that forms at the border between a forest and a field may 
seem like a trivial thing compared to the colossal amount of snow that may be 
redistributed in the open plains of the western United States, it can be an important 
component to consider in many applications. With the increasing fragmentation of the 
Earth’s forests, the amount of borders between various land cover types continues to 
increase (Weathers et al. 2001). Therefore, the potential area for drifting is increasing.   McPhillips 4
Land cover boundaries, particularly forest edges, have also been found to act as sinks for 
nutrients and pollutants that enter from adjoining areas, and so effectively become a 
biogeochemical hotspot in the landscape (Weathers et al. 2001). Snow accumulation 
through the mechanism of drifting can also significantly impact the biogeochemical 
dynamics of a particular environment. Since snow has a low thermal conductivity and 
acts as an insulator for the ground, a deeper snowpack has been found to increase soil 
temperature and soil moisture, decrease frost penetration into the soil and subsequently 
increase biological activity as well as nutrient cycling (Berry 1981; Brooks and Williams 
1999; Stottlemyer and Toczydlowski 1999; Groffman et al. 1999, 2001; Hardy 2001). 
Thus, drifting of snow at the boundaries between fields and forests may have great 
implications, warranting increased research and exploration. 
 
Objectives 
  The primary objective of this study was to directly observe the pattern of snow 
accumulation and redistribution at the boundary between forests and fields. The field of 
study included mowed and unmowed areas in order to evaluate the effect of vegetation 
height in the fetch on snow distribution. Using continuous observations at the field- forest 
boundary, as well as observations from around Tompkins County in central New York 
State, spatial variation in snow accumulation and loss at land cover boundaries was 
quantified. Estimates of snow drifting and percentage of snow redistributed to borders 
based on direct observations were applied to Tompkins County as a whole to investigate 
how the compounded impacts of many small land cover boundaries influence the amount 
of snow redistributed on a regional landscape level.   McPhillips 5
Research Methods 
Evaluation of Snow Distribution Patterns at a Single Boundary 
Site Description 
The primary snow monitoring site for the project was located in Lansing, NY 
(Fig. 1). The site is a field that was formerly in agricultural use, but now is abandoned 
and populated by various grasses and some thorny shrubs. The field is approximately 100 
m wide and bordered on the western side by a narrow row of mature deciduous trees and 
on the eastern side by an extensive brushland populated by both deciduous and 
coniferous trees. The landscape is characterized by a gently rolling topography with a 
relief of approximately 5 m. Predominant wind direction is from the southwest, with the 
average direction for the months of January and February 2007 being 234 degrees east of 
north at Ithaca Airport, located about 6.4 km southeast of the study site (Ithaca Climate 
Page 2007). During 2006, a portion of the field was mowed so that at the start of the 
study the vegetation was no greater than 20 cm tall. In the unmowed portion of the field, 
grasses were generally 1 to 1.5 m tall.    McPhillips 6
Figure 1: Map of New York State with Tompkins County circled and the Town of 
Lansing indicated by a red dot (Basemap credit: geology.com) 
 
Snow Monitoring Using Time-lapse Photography 
  In order to provide high frequency measurements of snow depth at a small scale 
(a single field-forest boundary), time-lapse photography was employed, building on 
methods pioneered by Schwarz (2006). A weatherproof digital camera manufactured by 
Cuddeback Digital was mounted to a tree at approximately 1.5 m above ground. The tree 
was located at the border to the field and forest. Within the viewshed of the camera, a 
triangular arrangement of surveying stakes was created that spanned the field border. The 
orange stakes were marked with 10 cm intervals and inserted into the ground so that 
about 1 m of the stake was exposed. Two study sites were set up in this manner; one site 
in the mowed area of the field and the other site in the unmowed area of the field.   McPhillips 7
 
Figure 2: Schematic diagram of snow monitoring sites (not to scale) 
 
The camera was programmed to take a photograph of the plot at 3 hr intervals 
from 7 AM to 4 PM since the flash was not strong enough for nighttime use. The cameras 
were deployed for the months of January and February 2007. Photographs were saved to 
CompactFlash memory cards and downloaded to a laptop computer for analysis. The files 
were analyzed using ImageJ, an image processing program available through the National 
Institutes of Health. Due to the large number of photographs, snowfall data from the 
Game Farm Road weather station in Ithaca, NY (Ithaca Climate Page 2007) was used to 
isolate the largest snow events for analysis. For each of the two study sites, three survey 
stakes were chosen to be analyzed for snow depth in each image, such that there was one 
stake on the forest side of the border, one field stake, and one stake in between. Figures 
3a and 3b show the locations of the stakes used in analysis of snow depth. 
1.5 m
2 m 
~ 3 m 
camera 
FOREST 
FIELD  = snow stake   McPhillips 8
 
Figure 3a: Snow monitoring site at mowed field 
 
 
Figure 3b: Snow monitoring site at unmowed field 
 
Manual Snow Measurements 
  In order to complement the analysis of snow distribution patterns using 
photography, manual measurements of snow depth were made along designated transects. 
Field Stake 
Mid Stake 
Forest Stake 
Field Stake  Mid Stake 
Forest Stake   McPhillips 9
One transect was made across the field in both the mowed area and unmowed area. Each 
transect began at the western field edge, went across the entire field, and into the forest. 
The transect consisted of 14 flagged points that were 10 m apart, with the two points at 
the border being 5 m apart. At each flag, an average snow depth was computed by 
measuring snow depth with a meter stick at four points within a 30 cm radius of the flag. 
Transect measurements were made on 4 occasions throughout February and early March 
2007.  
 
Figure 4: Color infrared orthophotograph of the Lansing study site indicating locations of 
camera plots and transects (Photo credit: NYS GIS Clearinghouse)  
 
Landscape Scale Evaluation of Snow Distribution Patterns 
  After closely monitoring the snow distribution patterns at the field-forest 
boundary of the Lansing study site, it is interesting to understand how applicable the 
Legend 
Mowed Grass 
Unmowed Grass 
= Transect 
= Transect 
= Camera site 
= Camera site   McPhillips 10
patterns are to larger scale areas. In order to explore the patterns of snow distribution on a 
larger scale, surveys of snow depth were made at four different sites in Tompkins 
County, NY (in which Lansing is located) and just over the border in Cortland County, 
NY (Table 1 and Fig. 5). At each site, one or more transects were made where snow 
depths were measured at 5 m intervals from a field through a boundary and into a forest 
or tree break (the transect was perpendicular to the border). Again four measurements 
were made at each transect point with a meter stick and averaged. The orientation of the 
land cover boundary varied, with 60% of the boundaries facing west or southwest. Using 
the snow depth data, estimates were made regarding the percentage of snow redistributed 
to the field- forest border.  
 
 
Site Transect  # 
Border 
Orientation 
West- facing       
Dryden A  1  West 
Dryden B  2  Southwest 
Harford 1  Northwest 
Lansing A  1 (mowed)  West 
Lansing B  2 (unmowed)  West 
Mount Pleasant  1  West 
Other 
orientations    
Cornell 
Plantations 1  South 
Dryden 1  North 
Harford 1  Northeast 
Mount Pleasant  1  South 
Table 1: Inventory of sites where manual snow measurements were conducted 
Deleted:  
Deleted: .  McPhillips 11
 
Figure 5: Relief map of Tompkins County with red dots showing locations of snow depth 
measurements (Basemap credit: Tompkins County GIS) 
 
 
  In order to make an estimate of the amount of snow redistributed to land cover 
boundaries in all of Tompkins County, the length of west-facing field- forest boundaries 
was determined using geospatial data. Using the Cornell University Geospatial 
Information Repository, a vector data layer of land use/land cover (LULC) for Tompkins 
County was obtained. The LULC polygons used were originally created by interpretation 
of 1995 digital orthophotographs along with consultation of several secondary data 
sources such as delineated wetlands. A full listing of the 130 LULC classes can be found 
in Appendix D. Detailed descriptions of delineation criteria provided in the LULC   McPhillips 12
metadata was used to isolate certain classes as ‘open area’ (i.e.: fields, grassland, barren 
land) or ‘forest’ (i.e.: deciduous forest, brushland). The LULC polygons were converted 
into raster format and the data was reclassified into open area, forest, or other using the 
Manifold System 7x software. The aspect function was then applied to the data surface in 
order to identify west-facing boundaries. Though the dominant wind direction during the 
two months of study was southwest, sparse historical data has indicated that the dominant 
direction may also be west or northwest (NCDC 2007). Therefore, the criterion for 
isolating forests with western- facing edges was relatively broad: 185 to 355 degree 
aspect. Since most of the ‘open spaces’ were agricultural fields, the majority of the 
borders ran directly north-south or east-west and so only a small amount were affected by 
the range of aspects included. Once western-facing borders were isolated, a query was 
run to quantify the cumulative length of those borders. 
 
Results and Discussion 
Small-Scale Evaluation of Snow Distribution Patterns 
  Weather station data (Ithaca Climate Page 2007) revealed that about 43 cm of 
snow fell in the Ithaca area from February 13-14, 2007. Air temperatures during this time 
were also well below 0° C, preventing the snow from melting, and thus making snow 
depth changes attributable to deposition and redistribution. Since this was the largest 
precipitation event of the winter, this event was chosen for analysis using the photographs 
from the two camera sites. Figures 6a and 6b display the changes in snow depth at the 
mowed field and unmowed field sites.    McPhillips 13
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Figure 6a: Lansing site; snow depth from photograph analysis of mowed field edge 
 
Snow Depth at 3 Stakes at Unmowed Field Edge After Feb 13-14 Event
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Figure 6b: Lansing site; snow depth from photograph analysis of unmowed field edge 
 
At both sites, the snow depth measured at the mid stake was higher than at the field stake 
while the forest stake had relatively deeper snow accumulation at the unmowed site than 
at the mowed. Since the forest stake at the unmowed field site was located just at the 
forest edge, as opposed to being slightly into the forest in the mowed field site, it is not 
surprising that the snow depth was highest at this stake in the unmowed site. In other 
words, it may be more physically consistent to pair the unmowed forest stake with the 
mowed mid stake.   McPhillips 14
  In order to take a closer look at redistribution of snow, rather than simply 
accumulation, snow depth was analyzed at the mowed field site for an 8 day period of 
time after the February 13-14 event (Fig. 7). Slightly after midnight on February 15 there 
was a peak in wind speed around 25 mph. Just after this, there was a visible increase in 
snow depth at the mid stake, coupled with a slight decrease in snow at the field stake. 
This suggests that the high winds may have led to the redistribution of a small amount of 
snow from the field to the forest edge.  
Snow Depth and Wind Speed at Mowed Field Site from Feb 13- 21, 2007
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Figure 7: Snow depth graphed concurrently with wind speed for the period during and 
after the February 13-14, 2007 snow event, data from camera site with mowed fetch area 
 
  Though the camera sites provided some good insight into the snow dynamics at 
the forest edge, the landscape area that could be observed using the photographs was 
quite limiting. Rather than simply looking at the roughly 10 m expanse around the forest 
border that the photos allowed, manual snow measurement permitted analysis of snow 
depths across the entire field and deeper into the forest. Measuring snow depth across the 
field also allowed better observation of the effects of vegetation height on snow 
distribution. Figure 8 presents the results of these transect measurements.    McPhillips 15
 
Figure 8: Lansing site; each line represents a single transect sampling; 4 different 
samplings were taken for the transects at the two vegetation heights: 1= 2/7/2007, 2= 
2/13/2007, 3= 2/21/2007, 4= 3/3/07; for each sampling, an average snow depth was 
computed and deviation of each transect point from that average was determined; the 
west-facing forest edge is located at 95 m; Average snow depths as computed (in cm)- 
Mowed 1: 15.6, Mowed 2: 15.8, Mowed 3: 31.8, Mowed 4: 29.7, Unmowed 1: 17.4, 
Unmowed 2: 16.3, Unmowed 3: 33.5, Unmowed 4: 28.1.  
 
Within each vegetation height, snow depth patterns over the four sample days were fairly 
similar, with the unmowed transects in particular showing a consistent trend (Fig. 8). 
Comparing the two vegetation heights, both had similar snow depths at the initial field 
edge (10 m) and both had lower snow depths in the forest relative to the average snow 
depth for that particular transect. The dynamics for the remainder of the transect in 
between those two areas were rather dissimilar for the two vegetation heights. In the 
mowed portion of the field, there was a consistent increase in snow depth approaching 
the forest. At 90 m, just before the forest edge the wind was depositing the snow as it was 
slowed down by the tree barrier. However, in the unmowed transect there was no clear 
accumulation of snow directly before the field- forest border. There was a consistent 
increase in relative snow depth at 70 m for the unmowed transect. Field observations 
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revealed a large thicket of thorned bushes around this portion of the field, which likely 
were more efficient at reducing wind speed and trapping snow compared to the tall 
grasses inhabiting the rest of the unmowed field.  
  In general, the taller grass of the unmowed field was likely better at retarding the 
near-surface wind as it crossed the field so that, compared to the short grass of the 
mowed area, snow that fell in the tall, unmowed area was protected from saltation-
initiation wind forces. Therefore, it is not surprising that the snow in the unmowed field 
was more evenly distributed across the field rather than accumulating at the border as in 
the mowed field. Looking at the snow depths during the first two transect samplings 
(between which no new snow fell) gives some insight into these ideas. For the transect 
points across the field (0- 80 m), average snow depth for the mowed transect was 15.9 
±1.0 cm compared with 17.9 ±1.1 cm for the unmowed transect. The snow was 
consistently deeper in the unmowed vegetation, suggesting that the taller grass induces 
more snow deposition as the wind crosses the field, prevents snow movement, and/or 
reduces snow compaction.  
 
Large-scale landscape snow distribution 
  Moving from these small-scale observations made at the Lansing site, an attempt 
was made to validate the patterns witnessed there on a larger-scale landscape. The snow 
depth measurements made at sites around Tompkins and Cortland Counties (Fig. 5) 
yielded a myriad of results. Looking only at west-facing boundaries (n = 6), the average 
percent increase in snow depth at the border, as compared to depth in the field, was 44 % 
(± 45%). The average percent increase in snow depth at the border for the four other   McPhillips 17
boundaries surveyed that faced different directions was a surprising 77 % (± 58%). Of 
course I hesitate to over-interpret these findings given the small sample size used, but one 
could reasonably draw the conclusion that north and south-facing boundaries may be 
important locations where snow drifts form despite our implicit assumption that west-
facing boundaries were most prone to snow accumulation. However, I speculate that 
enhanced snow melt in the western open areas relative to the associated forest areas 
dampened the boundary drift phenomenon relative to the forest borders facing other 
directions. 
  The next planned step was to apply this information to the total amount of field- 
forest borders in Tompkins County to get an idea of the scale of this phenomenon. Figure 
9 shows the distribution of forest and open areas in the county.  I assumed that the large 
apparent accumulation on non-west-facing edges was a melt artifact and that most drifts 
occurred on west-facing field-forest boundaries. Using geospatial analysis, the west-
facing forest edges were isolated and were found to have a total length of 1,641 km. 
Using the average measured percent snow accumulation on west-facing edges relative to 
open areas (44%), So (annual snowfall in the open area), is: 
 
B o S S 69 . 0 =  (1) 
 
where SB is annual snowfall at the forest-field boundary. Using conservation of mass, and 
assuming that the sum of the snow in open areas (So) and boundaries areas is equal to the 
average snow over both open (Ao) and boundaries (AB) areas (i.e., drift-accumulating, 
areas, respectively):   McPhillips 18
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where Savg is average annual snowfall regardless of land cover. 
N
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Figure 9: Map displaying distribution of land cover in Tompkins County, with a focus on 
forest and open space 
 
Combining eqs. 1 and 2 gives the following expression for snow accumulation at the 
field-forest boundaries. 
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The average annual snowfall in Tompkins County (Savg) is 171 cm (Northeast Regional 
Climate Center) and the total county open area (Ao) is 427 km
2, as calculated using the 
land use geospatial data.  Assuming the average snowdrift width is ~10 m (from Fig. 8), 
then AB for the county is approximately 16.4 km
2. Then, from eq. 3, the average annual 
snowfall in snow drifts (SB) is 242 cm. For the entire county (1,233 km
2), the fraction of 
snow that accumulates in drifts can be estimated by dividing the volume of snow in drifts 
(SB x AB) by the volume of snow that falls in the county (Savg x Acounty), which is 1.9%. 
Although the west-facing field-forest edges, i.e., 1.3% of the county, accumulate only a 
slightly disproportionate amount of the area’s snow, the localized snow depth in these 
drift areas is nearly 50% greater than the average snow depth. This suggests that there 
could be localized impacts on ecological and biogeochemical systems. 
 
Conclusions 
  This study demonstrates that snow drifting does indeed occur at the borders 
between fields and forests. Though some of the observed variations in snow depth at 
borders were probably due to differences in deposition by wind during storm events, the 
digital-photo analysis also revealed evidence of snow redistribution during an instance of 
high wind speed after the initial snow fall. One especially notable finding was the 
obvious difference between snow distribution patterns in a mowed field and an unmowed 
field. Snow drifting at the border of the unmowed field was virtually nonexistent, 
probably because the high vegetation in the fetch area trapped the snow and protected it   McPhillips 20
from the wind. The major implication of this finding is that the degree of drifting is not 
only a product of the amount of drift accumulating edges, i.e., west-facing forest edges, 
but also depends on the characteristics of the upwind areas. 
  The large-scale landscape analysis of snow distribution was somewhat speculative 
and future analyses will be difficult without more extensive study of snow accumulation 
throughout the county. Nonetheless, the preliminary calculations suggest that, although a 
small fraction of the total area, these west-facing edges accumulate a disproportionate 
amount of snow.  
With the continued development of land by humans and associated fragmentation 
of landscapes, the amount of land cover borders may continue to increase dramatically. 
With forest edges already known to be concentrators of pollutants and biogeochemical 
hotspots (Weathers et al. 2001), the suggestion that these areas may accumulate water (as 
snow) that presumably increases rapid hydrologic flows from these areas further elevates 
the importance of increased study of these areas. 
 
Future Considerations 
  Though this study certainly provides some valuable insight into snow distribution 
patterns at land cover borders, there are a number of improvements to the methods of this 
particular study that can be made, as well as other related investigations that can build 
upon this study. For the experimental design used in Lansing, certain modifications can 
be made that would increase the quality of observations made there. With respect to the 
camera setups, the configuration of the stakes and the camera position itself could be 
changed to give the camera the best unobscured view of all of the stakes. Also, it would   McPhillips 21
improve analysis if some stakes could be placed further into the woods and further into 
the field to cover at least 10 m, e.g., see drift width in Fig. 8. More extended camera 
analysis (in terms of length of camera deployment) would allow for better quantification 
of snow redistribution at the border, rather than simply initial accumulation during storm 
events. Redistribution could then be better correlated to observed wind speeds; thus, 
having an on-site anemometer would also be useful. In addition, it would be invaluable to 
develop an automated image analysis tool to make better use of these data. 
  As the studies at the Lansing site revealed, there are significant effects on snow 
depth due to vegetation height that certainly warrant further investigation. Varying 
exposure of grasses from the snow surface, and varying color of grasses may change the 
surface albedo, which in turn affects snow melting processes (Berry 1981). In regards to 
the geospatial analysis on Tompkins County, the ‘open space’ categorization varied from 
golf courses to grassland, which encompasses nearly a meter of vegetation height 
difference. Thus, snow dynamics across these different open areas are wide-ranging and 
future studies might consider breaking down this ‘open space’ category into areas with 
more homogeneous vegetation height.  
Besides the variation in vegetation heights in the LULC geospatial data, there was 
also great difference in the size and orientation of land use polygons. Since the size of 
fields is directly related to the fetch and thus the energy that the wind has, field size can 
have huge impacts on how much snow accumulates at borders. Thus, effects of parcel 
size on snow drifting should be more extensively studied. 
  As a great amount of research has indicated, snow depth can have serious 
implications for soil conditions and biogeochemical processes (Brooks and Williams   McPhillips 22
1999; Groffman et al. 1999, 2001; Hardy et al. 2001). In addition to expanding upon the 
physical processes investigated in this study, a more comprehensive exploration of the 
impacts of frost depth, soil moisture, soil temperature, nutrient fluctuations, and soil 
microbial community composition would greatly enhance understanding of snow driven 
ecosystem dynamics. It would also be useful if snow density were somehow included in 
the various snow measures so that mass balances could be better analyzed. With this 
information, we can better understand the ecological implications of snow drifting at 
field- forest borders. 
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Appendix A: Lansing site photograph analysis 
 
Table A1: Mowed site analysis: 2/13/07- 2/16/07 
Field Stake       
   Date/ Time 
Relative Length 
Exposed (from ImageJ) 
Real Length 
Exposed 
(cm) 
Snow Depth 
(cm) 
1 2/13/07  16:00  333.918 88.3241 11.6759
2 2/14/07  7:00  240.187 63.5315 36.4685
3 2/14/07  10:00  231.311 61.1837 38.8163
4 2/14/07  13:00  222.445 58.8385 41.1615
5 2/14/07  16:00  216.541 57.2769 42.7231
6 2/15/07  7:00  198.295 52.4507 47.5493
7 2/15/07  10:00  207.152 54.7934 45.2066
8 2/15/07  16:00  203.226 53.7550 46.2450
9 2/16/07  7:00  209.163 55.3253 44.6747
10 bare  grass  378.06 100 0
        
Mid 
Stake        
   Date/ Time 
Relative Length 
Exposed (from ImageJ) 
Real Length 
Exposed 
(cm) 
Snow Depth 
(cm) 
1 2/13/07  16:00  345.951 101.7700 6.2300
2 2/14/07  7:00  232.998 68.5421 39.4579
3 2/14/07  10:00  227.13 66.8159 41.1841
4 2/14/07  13:00  224.199 65.9536 42.0464
5 2/14/07  16:00  218.341 64.2304 43.7696
6 2/15/07  7:00  192.982 56.7704 51.2296
7 2/15/07  10:00  183.565 54.0001 53.9999
8 2/15/07  16:00  192.398 56.5986 51.4014
9 2/16/07  7:00  198.862 58.5001 49.4999
   bare grass  367.129 108   
        
Forest Stake       
   Date/ Time 
Relative Length 
Exposed (from ImageJ) 
Real Length 
Exposed 
(cm) 
Snow Depth 
(cm) 
1 2/13/07  16:00  190.045 84.3178 8.6822
2 2/14/07  7:00  132.442 58.7609 34.2391
3 2/14/07  10:00  124.455 55.2173 37.7827
4 2/14/07  13:00  123.693 54.8792 38.1208
5 2/14/07  16:00  110.635 49.0857 43.9143
6 2/15/07  7:00  112.969 50.1213 42.8787
7 2/15/07  10:00  112.45 49.8910 43.1090
8 2/15/07  16:00  113.565 50.3857 42.6143
9 2/16/07  7:00  112.969 50.1213 42.8787
   bare grass  209.614 93 0
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Table A2: Unmowed site analysis: 2/13/07- 2/16/07 
Field Stake       
   Date/Time 
Relative Length 
Exposed (from ImageJ) 
Real Length 
Exposed (cm) 
Snow Depth 
(cm) 
1 2/13/2007  16:00  288.141 87.2253 12.7747
2 2/14/2007  7:00  225.08 68.1357 31.8643
3 2/14/2007  10:00  213.19 64.5363 35.4637
4 2/14/2007  13:00  207.087 62.6889 37.3111
5 2/14/2007  16:00  201.09 60.8735 39.1265
6 2/15/2007  7:00  201.09 60.8735 39.1265
7 2/15/2007  10:00  198.023 59.9450 40.0550
8 2/15/2007  13:00  204.088 61.7810 38.2190
9 2/15/2007  16:00  201.201 60.9071 39.0929
10 2/16/2007  7:00  207.196 62.7219 37.2781
11 bare  grass  330.341 100 0
        
Mid 
Stake        
   Date/Time 
Relative Length 
Exposed (from ImageJ) 
Real Length 
Exposed (cm) 
Snow Depth 
(cm) 
1 2/13/2007  16:00  354.457 92.6799 13.3201
2 2/14/2007  7:00  264.273 69.0995 36.9005
3 2/14/2007  10:00  264.426 69.1395 36.8605
4 2/14/2007  13:00  249.289 65.1816 40.8184
5 2/14/2007  16:00  240.3 62.8313 43.1687
6 2/15/2007  7:00  240.3 62.8313 43.1687
7 2/15/2007  10:00  231.175 60.4454 45.5546
8 2/15/2007  13:00  228.316 59.6978 46.3022
9 2/15/2007  16:00  231.311 60.4809 45.5191
10 2/16/2007  7:00  237.171 62.0131 43.9869
11 bare  grass  405.4 106 0
        
Forest Stake       
   Date/Time 
Relative Length 
Exposed (from ImageJ) 
Real Length 
Exposed (cm) 
Snow Depth 
(cm) 
1 2/13/2007  16:00  264.273 84.0001 20.9999
2 2/14/2007  7:00  198.363 63.0503 41.9497
3 2/14/2007  10:00  192.375 61.1470 43.8530
4 2/14/2007  13:00  186.218 59.1900 45.8100
5 2/14/2007  16:00  183.614 58.3623 46.6377
6 2/15/2007  7:00  183.614 58.3623 46.6377
7 2/15/2007  10:00  171.421 54.4867 50.5133
8 2/15/2007  13:00  174.233 55.3805 49.6195
9 2/15/2007  16:00  168.241 53.4760 51.5240
10 2/16/2007  7:00  177.406 56.3891 48.6109
11 bare  grass  303.371 105 0
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Appendix B: Lansing site transect data 
 
Table B1: Mowed site- manual snow depth measurements for 4 dates 
  Mowed 1    Mowed 2    Mowed 3    Mowed 4   
  2/7/2007   2/13/2007  2/21/2007  3/3/2007   
Distance 
(m) 
Avg 
Depth 
(cm)  SD 
Avg 
Depth 
(cm)  SD 
Avg 
Depth 
(cm)  SD 
Avg 
Depth 
(cm)  SD 
10 16.75 0.96  16.63 1.18 34.25 2.06 29.13 1.89 
20 16.00 1.47  15.75 0.65 33.88 1.31 30.13 1.55 
30 15.38 0.95  14.75 0.96 34.88 1.38 30.00 0.91 
40 14.88 1.55  15.25 0.96 31.13 1.49 29.25 1.04 
50 16.50 1.29  16.50 1.08 32.13 2.29 30.25 1.76 
60 14.88 1.44  15.13 0.63 31.88 1.25 27.75 1.19 
70 17.75 0.65  17.88 0.85 34.63 0.75 31.13 2.10 
80 15.63 1.49  14.63 0.48 34.00 1.35 31.38 1.38 
90 22.38 2.29  21.25 2.02 37.13 0.63 35.63 2.87 
95 21.63 0.75  21.00 1.58 30.13 3.42 35.75 2.06 
100 15.13 3.71  16.50 2.08 29.63 1.25 31.75 3.77 
110 11.88 1.80  13.38 1.03 30.13 1.25 28.38 2.36 
120 10.00 2.58  11.75 0.96 25.13 1.49 25.25 0.65 
130 10.13 0.25  11.50 1.00 26.75 1.32 20.25 1.71 
 
Table B2: Unmowed site- manual snow depth measurements for 4 dates 
  Unmowed1  Unmowed 2  Unmowed 3  Unmowed 4 
  2/7/2007   2/13/2007   2/21/2007   3/3/2007  
Distance 
(m) 
Avg Depth 
(cm) SD 
Avg Depth 
(cm) SD 
Avg Depth 
(cm) SD 
Avg Depth 
(cm) SD 
10  18.13 2.02  17.63 1.38 34.38 1.80 30.50 1.47 
20  18.25 1.44  17.25 0.65 34.75 1.26 31.00 2.16 
30  18.75 1.76  18.00 1.22 33.00 0.71 29.13 0.63 
40  18.75 0.96  18.00 1.41 34.50 1.78 27.50 0.91 
50  17.63 1.70  15.38 1.49 32.00 1.29 24.50 1.00 
60  18.50 3.11  17.13 2.32 36.25 0.65 29.63 1.38 
70  18.63 1.49  20.00 2.16 39.50 1.58 34.25 1.50 
80  18.38 1.11  15.88 1.31 35.63 0.48 29.00 0.82 
90  17.63 1.11  17.50 1.68 32.50 0.58 26.13 1.03 
95  17.50 1.22  17.63 1.49 33.00 1.15 26.00 1.78 
100  16.63 1.89  15.50 1.29 33.00 2.27 27.63 1.11 
110  15.00 1.08  12.00 0.91 29.75 0.65 25.75 2.06 
120  13.88 1.75  12.50 1.00 29.38 1.38 25.75 0.96 
130  15.38 0.48  14.13 0.95 31.88 1.31 27.00 0.91 
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Appendix C: Tompkins County- transect data for multiple sites 
 
Table C1: Transect data from west-facing borders (not including Lansing site) 
 
* numbers in red indicate location of field/tree boundary    
        
Dryden A       
west to east (field to forest)         
Point 
Distance 
(m) 
Depth 1 
(cm) 
Depth 2 
(cm) 
Depth 3 
(cm) 
Depth 4 
(cm) 
Avg Depth 
(cm) 
1 50  30.5 26 34.5 28 29.75 
2 45 38 40 37 37 38 
3 40  59.5 58 57 57.5 58 
4 35  50.5  48.5 51.5 40 47.625 
5 30 31 18 37 38 31 
6  25 65.5  80 76 79.5 75.25 
7  20 83  87.5 85.5 88.5 86.125 
8 15 52  45.5 46 55 49.625 
9 10  38.5 35 34 36 35.875 
10  5 42 47 45 42.5 44.125 
        
Dryden B       
southwest to northeast (field to forest)       
Point 
Distance 
(m) 
Depth 1 
(cm) 
Depth 2 
(cm) 
Depth 3 
(cm) 
Depth 4 
(cm) 
Avg Depth 
(cm) 
1  5 24 23 22.5 24 23.375 
2 10 36 38 33 33.5 35.125 
3 15  47.5 48 50 46.5 48 
4  20 63 73 63 55 63.5 
5 25 62 58 58.5 58.5 59.25 
6 30 52 39 37 51.5 44.875 
        
Harford       
northwest to southeast (field to trees/swamp)       
Point 
Distance 
(m) 
Depth 1 
(cm) 
Depth 2 
(cm) 
Depth 3 
(cm) 
Depth 4 
(cm) 
Avg Depth 
(cm) 
1 5  27  28.5 30 27.5 28.25 
2 10 40 42 40.5 38 40.125 
3 15 40  40.5 43.5 46.5 42.625 
4  20 60 60 68 71.5 64.875 
5 25 74 90 100 75 84.75 
6 30 57 56 64 67 61 
        
Mount Pleasant       
west to east (field to trees)         
Point 
Distance 
(m) 
Depth 1 
(cm) 
Depth 2 
(cm) 
Depth 3 
(cm) 
Depth 4 
(cm) 
Avg Depth 
(cm) 
1  5 37 27 42 42 37 
2 10 39  38.5 41 40 39.625   McPhillips 29
3 15 36  33.5 36 36 35.375 
4  20 34.5  33 35 36 34.625 
5  25 36  37.5 37.5 35.5 36.625 
6 30 29  28.5 31 28 29.125 
7 35 27 26 28 27 27 
 
Table C2: Transect data from non- west-facing borders  
* numbers in red indicate location of field/tree boundary     
        
Dryden       
north to south (field to forest)         
Point 
Distance 
(m) 
Depth 1 
(cm) 
Depth 2 
(cm) 
Depth 3 
(cm) 
Depth 4 
(cm) 
Avg Depth 
(cm) 
1  5 27 27 21 15 22.5 
2 10 15 16 17 18 16.5 
3 15  8.5  9 10 9 9.125 
4  20 32.5  34 34 34 33.625 
5 25 31 27 30 29 29.25 
6 30 25 25 26.5 25 25.375 
7 35 27 27 23 28 26.25 
        
Harford       
northeast to southwest (field to forest)       
Point 
Distance 
(m) 
Depth 1 
(cm) 
Depth 2 
(cm) 
Depth 3 
(cm) 
Depth 4 
(cm) 
Avg Depth 
(cm) 
1 5  29  28.5 29 23.5 27.5 
2 10 22  22.5 23 23 22.625 
3 15 15 16 16 17 16 
4 20 35 38 29 33 33.75 
5  25 50 42 34 47 43.25 
6  30 53.5  54 63 62 58.125 
7 35 50  22.5 41 39 38.125 
8 40 36 37 32 32 34.25 
        
        
Mount Pleasant       
south to north (field to forest)         
Point 
Distance 
(m) 
Depth 1 
(cm) 
Depth 2 
(cm) 
Depth 3 
(cm) 
Depth 4 
(cm) 
Avg Depth 
(cm) 
1  5 47 44 38.5 39.5 42.25 
2  10 45.5 37.5 42.5 45 42.625 
3 15 49 45 50 43 46.75 
4 20 35 40 30 36 35.25 
5 25 28 30 31 31 30 
6  30 37 40 37.5 35 37.375 
7  35 33 34 33.5 33.5 33.5 
8 40 52 50 44 38 46 
        
Cornell  Plantations         McPhillips 30
south to north (field to forest)         
Point 
Distance 
(m) 
Depth 1 
(cm) 
Depth 2 
(cm) 
Depth 3 
(cm) 
Depth 4 
(cm) 
Avg Depth 
(cm) 
1 5  14  14.5 16 14.5 14.75 
2 10  11.5 11 12 12.5 11.75 
3 15 18  18.5 19 14 17.375 
4  20 27  18.5 24.5 18.5 22.125 
5  25 35 40 37 40 38 
6  30 22.5 19.5 16.5 18 19.125 
7 35  17.5 18 15 15.5 16.5 
 
 
Appendix D: Geospatial Analysis 
 
Table D1: Land use/ land cover class listing 
 
* Land cover type in red font indicates the type was classified as ‘open land’; green font 
indicates the type was classified as ‘forest’ 
 
Land Cover Type                    Code        
 
1-Agriculture 
Cropland & cropland pasture    Ac 
Cattle   Ad 
Horse farm    Ae 
Fishery/aquaculture   Af 
High intensity cropland/horticulture    Ah 
Inactive agricultural land    Ai 
Orchards   Ao 
Pasture   Ap 
Tree farm    At 
Vineyards   Av 
Other farms    Ay 
 
2-Extractive 
 Extractive  industry      Ie 
 
3-Forest 
Brushland   Fb 
Coniferous forest    Fc 
Deciduous forest    Fd 
Grassland   Fg 
Mixed forest    Fm 
Plantations Fp 
 
4-Outdoor Recreation      
Recreation corridors    Oe 
Deleted: Figure 
Deleted: U
Deleted: L
Deleted: C
Deleted: C
Deleted: L  McPhillips 31
Golf courses    Og 
Parks   Op 
Youth and religious camps    Or 
Stadiums/track/ball fields    Ot 
 
5-Developed        
Central business district    Cbd 
Shopping centers/malls    Cc 
Offices   Co 
Retail   Cr 
Commercial storage    Cs 
 
  Abandoned  land      Da 
  Barren  land       Db 
Disturbed land    Dl 
 
Agriculture  industry      Ia 
  Light  industry       Il 
  Communication  towers     It 
  Utilities       Iu 
 
  C e m e t e r y        P c  
  Solid  waste  disposal      Pd 
  Educational       Pe 
    Community center/social hall/fraternal lodge    Pf 
  Health  facilities      Ph 
  Correctional  facilities      Pj 
  Governmental  office  facilities     Po 
  Public  works       Pp 
  Houses  of  worship      Pr 
  Water  tank       Pt 
Water management facilities    Pw 
 
High density residential    Rh 
Low density residential    Rl 
Medium density residential    Rm 
Manufactured home park    Rp 
 
  Airport        Ta 
    Bus depot/fleet storage/public garage     Tc 
Highway   Th 
 
6-Water Resources 
 Marsh/bog/shrub  wetlands     Wb 
 Reservoir       Wc 
 Natural  lake/pond      Wc   McPhillips 32
 Wooded  wetland      Ww 
Water   Wn 
 